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1
BRUSHLESS MOTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a structure of a
brushless motor and, more particularly, to a brushless
motor in which arc-shaped magnetic pole portions are
arranged around a magnet rotor to thereby form a rect-
angular or arc shape as an overall shape.

2. Related Background Art

The same assignee as the present invention has al-
ready applied the above-mentioned arc-shaped brush-
less motor in U.S. patent application Ser. No. 027173,
now U.S. Pat. No. 4,806,813. o

In addition, as conventional brushless motors in
which magnetic pole portions are arranged around a
magnet rotor to thereby form an arc shape as an overall
shape, there have been proposed brushless motors as
disclosed in: Japanese Utility Model Application Nos.
59-26806, 59-26804, 56-107957, and 59-129607 (Japanese
Utility Model Laid-open Nos. 60-140934, 60-141682,
58-15485, and 61-44637), Japanese Patent Application
No. 59-39082 (JP-A-60-184234), and the like.

‘The foregoing conventional motor is used to control
a sector of a shutter The motor comprises: a rotor
which 1s rotatably supported and consisting of a perma-
nent magnet which is magnetized by four poles in the
radial direction; two stators each having a pair of U-
shaped leg portions and in each of which a magnetic
pole portion which faces the outer periphery of the
rotor is formed in each end portion of the leg portions;
and a coil to excite the stators. Further, the magnetic
pole portions of the stators are formed so as to have a
difference of 90° between their phases to the rotational
center of the rotor. In a state in which the two stators do
not overlap with each other on a plane, one of the mag-
netic pole portions of each of the stators is mutually
closely arranged There is a difference of 45° between
the phases of the closely arranged magnetic pole por-
tions to the center of the rotor. The two stators are
positioned so as to have a —character shape.

According to the motor with the structure such that
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the magnetic pole portions are formed at the edges of 45

the U-shaped leg portions around the magnet rotor in
the foregoing conventional techniques, in order to ob-
tain the smooth rotation of the rotor, gaps (air gaps)
between the rotor and the magnetic pole portions need
to be uniform over the whole periphery of the rotor.

50

Further, to raise the rotational torque, for the magnetic

pole portions, in order to form opposite surfaces along
the outer periphery of the rotor and to equalize the
error gaps between the magnetic pole portions which
construct each pair, a fixing method of the assembling

positions of the rotor and leg portions also needs to be
devised.

SUMMARY OF THE INVENTION

It is the first object of the invention to provide a
motor in which at least four magnetic pole portions are
arranged around the periphery of a rotor and the re-
spective two of the four magnetic pole portions are
constructed as a pair and the rotor and magnetic paths
are formed, wherein two of the four magnetic pole
portions are formed on a single stator member, thereby
eliminating the difficulty in adjustment of the positions
of the rotor and magnetic pole portions.

33

65

2

Another object of the invention is to provide a motor
in which a stator member is constructed by three mem-
bers, a magnetic pole portion of each stator member is
formed like an arc, and a base plate to uniform the air
gaps between the arc surfaces and the outer periphery
of the rotor over the whole periphery is provided.

Specifically, still another object of the invention 1s to
provide a motor having positioning means which can
accurately assemble the foregoing three stators to the
base plate at predetermined positions around the rotor.

Further another object of the invention is to provide
a motor in which two of four magnetic pole portions are
formed on a single stator member and which has stop
members for enabling the magnetic pole portions of the
other two stators to be directly magnetically connected
with each stator member, to construct each pair of
magnetic paths and for enabling a working efficiency of
the assembling works of respective parts to be im-
proved.

Another object of the invention is to provide a motor
having a guide member which can accurately specify
the mutual positions (arranging positions) of a rotor and
a plurality of stators. |

More specifically, the invention provides a motor in
which the guide member or the base plate is formed
with a portion on which is arranged a device to detect
the magnetic pole of the magnet rotor, thereby enabling
a detection accuracy to be improved.

Further another object of the invention is to provide
a motor in which when assembling four magnetic pole
portions which are formed by three stator members
while mainly keeping a uniform gap around a magnet
rotor, the positions of the respective members are accu-
rately determined and there is no need to adjust the
positions as little as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 7 show a first embodiment of the present
invention;

FIG. 1 is an perspective view of main component
parts of a motor in the embodiment of the invention;

FIG. 2 is a front view of FIG. 1 in assembled condi-

tion;

FIGS. 3A to 31 are schematic views similar to FIG. 2
for explaining the operation of a motor;

FIG. 4 is an exploded perspective view of a modifica-
tion of a construction shown in FIG. 1;

FIGS. § and 6 are explanatory diagrams of auxiliary
yokes 11 and 12;

FIG. 7 1s an exploded view of a motor in another
modification;

FIGS. 8 to 15 show the second embodiment of the
invention;

FIG. 8 is an exploded perspective view of a motor
constituting a second embodiment of the present inven-
tion;

FIG. 9 is a front view of FIG. 8;

FI1G. 10 1s a cross sectional view of FIG. 9;

FIG. 11 is a cross sectional view of the main section
of a guide member;

FIG. 12 is an explanatory view of the guide member;

FIG. 13 1s a cross sectional view of the guide member
taken along the line X—X i FIG. 12;

FIGS. 14A to 14H are explanatory diagrams of the
operation of the motor in the second embodiment; and

FIG. 15 1s an exploded view of a modification of the
motor of FI1G. 8.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 to 7 show the first embodiment of the present
invention. .

FIG. 1 1s an exploded perspective view of the first
embodiment of a brushless motor according to the in-
vention. FIG. 2 is a front view of the brushless motor of
FIG. 1.

As shown in FIGS. 1 and 2, a permanent magnet
rotor 5 comprises: a cylindrical permanent magnet 5C
magnetized to a plurality of poles; and shaft portions 5B
and SD. The rotor 5 is rotatably assembled by axially
supporting the shaft portions SB and 5D on both sides
by using a bearing portion 1A formed on an almost
arc-shaped base plate 1 made of plastic and a bearing
portion 8A of a bearing member 8 which is fixed by a
first pin 1B and a second pin 1C formed on the base
plate 1.

A first stator 2 made of a magnetic material, for in-
stance, silicon sheet steel is formed like a major axis and
has an arc-shaped surface (opposite portion) 2A which
faces the rotor S and whose opening angle is set to about
90°. A first armature coil 6, which is constructed by
winding a coil around a bobbin 6A, is attached to a coil
supporting portion 2E so as to penetrate surround it. On
the other hand, the first stator 2 is positioned so that the
air gap between the rotor § and an arc-shaped opposite
surface (opposite portion) 2A (the first magnetic pole
portion) is set to a predetermined value due to the en-
gagement of a hole 2C by the first pin 1B formed on the
base plate 1 and due to the contact of a first side surface
2D and a side surface of a first convex portion 1F
formed on the base plate 1. Further, the first stator 2 is
also positioned in the direction of the rotor axis due to
a shoulder constituting a first level difference portion
between a shoulder constituting a larger diameter por-
tion and a smaller diameter portion of the pin 1B. The
first pin 1B has the second shoulder or level difference
portions and sequentially becomes more slender away
from side of the base plate 1.

A major axis-shaped second stator 3 made of a mag-
netic material e.g., similarly laminated silicon sheet steel
has an arc-shaped surface 3A which faces the rotor §
and whose opening angle is set to about 90°. A second
armature coul 7, which is constructed by winding a wire
around a bobbin 7A is attached to a coil supporting
portion 3E so as to surround it. On the other hand, the
second stator 3 is positioned so that the air gap between
the permanent magnet rotor 5 and an arc-shaped oppo-
site surface 3A (the second magnetic pole portion) is set
to a predetermined value due to the engagement of a
hole 3C and the second pin 1C formed on the base plate
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1 and due to the contact of a first side surface 3D and a

side surface of a second convex portion 1G formed on
the base plate 1. Further, the stator 3 is also positioned
in the direction of a rotational axis due to a first level
shoulder of the pin 1C. As shown in FIG. 1, the pin 1C
has first and second shoulder or level difference por-
tions and sequentially becomes more slender from the
side of the base plate 1.

A third stator 4 made of such a magnetic material,
laminated silicon sheet steel has an arc-shaped opposite
surface (opposite portion) 4A which faces the rotor 5
and whose opening angle is set to about 180°. An arc-
shaped opposite surface 4A has such a shape that an
opposite surface 4a; (an opposite portion on the other
side) which faces the arc-shaped opposite surface (op-
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posite portion) 2A (the first magnetic pole portion) of
the first stator 2 through the rotor 5 and an opposite
surface 4a; (an opposite portion on the other side)
which faces the arc-shaped opposite surface (opposite
portion) 3A (the second magnetic pole portion) of the
second stator 3 through the rotor 5, are connected as a
single arc-shaped opposite surface (opposite portion).
The opposite surface 4ay is set to the third magnetic
pole portion. The opposite surface 4a; is set to be the
fourth magnetic pole portion.

On the other hand, holes 4D and 4E are formed in the
third stator 4. The holes 4D and 4E come into engage-
ment with a third pin 1D and a fourth pin 1E formed on
the base plate 1, respectively, thereby positioning the
third stator 4 such that an air gap between the rotor 5
and the arc-shaped opposite surface (opposite portion)
4A 1s set to a predetermined value.

A first side surface 4B of the third stacor 4 has a shape
and dimensions such as to sandwich the first stator 2
together with a convex portion 1F on the base plate 1 in
the state in which the third stator 4 is positioned due to
the engagement of the holes 4D and 4E and the pins 1D
and 1E on the base plate 1.

On the other hand, in a manner similar to the above,
a second side surface 4C of the third stator 4 has a shape
and dimensions such as to sandwich the stator 3 to-
gether with a convex portion 1G formed on the base
plate 1 in the state in which the third stator 4 is posi-
tioned due to the engagement of the holes 4D and 4E
and the pins ID and 1E on the base plate 1.

‘The portions which are sandwiched by the first stator
2 and the second stator 3 are side surfaces 2B and 2D
and side surfaces 3B and 3D of the projecting portions
on the sides opposite to the opposite portions 2A and
3A which face the rotor for the armature coils 6 and 7.

On the other hand, the third stator 4 is positioned in
the direction of the rotational axis by being abutted on
mounting bases 1J and 1K formed on the base plate 1 so
as to be projected therefrom.

A first plate-shaped yoke 11 made of a magnetic ma-
terial assists the magnetic coupling between the third
stator 4 and the first stator 2. A hole 11A of the first
yoke 11 comes into engagement with the third pin 1D
formed on the base plate 1. The first yoke 11 is con-
structed so as to be sandwiched among the first stator 2,
the third stator 4, and the base plate 1.

Similarly, a second plate-shaped yoke 12 made of a
magnetic material also has a hole 12A. The hole 12A
comes Into engagement with the fourth pin 1E formed
on the base plate 1. The second yoke 12 is constructed
so as to be sandwiched among the second stator 3, the
third stator 4, and the base plate 1 and assists the mag-
netic coupling between the second stator 3 and the third
stator 4.

A first stop member 9 is made of a material having a
spring characteristic, such as phosphor bronze. The first
stop member 9 comprises 1s formed with: a hole 9C
adapted to come into engagement with the pin 1D
formed on the base plate 1; first and second spring por-
tions 9D and 9E; first and second spring members 9A
and 9B having notched portions; and hook portions 92
and 9b formed at the edges of the spring members 9A
and 9B.

The first stop member 9 is constructed in a manner
such that the hole 9C comes into engagement with the
third pin 1D on the base plate 1 and the first and second
nook portions 9¢ and 95 come into engagement with a
first projecting portion 1H and a second projecting
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portion (which is formed on the opposite side and,
- therefore, is not shown in the diagram) formed on the
~ base plate 1, respectively. |

When the first stop member 9 is assembled as de-
scribed above, the first spring portion 9D presses the
first stator 2 in the direction of the rotational axis, and
the second spring portion 9E presses the third stator 4 in
the direction of the rotational axis. Further, since the
spring members 9A and 9B of the stop member 9 are
spring based in such a direction as to press the first
stator 2 and third stator 4, the first and third stators are
forced into pressure contact with each other.

A second stop member 10 is also made of a material
having a spring characteristic similar to that of the first
stop member 9. The second stop member 10 is formed
with: a hole 10C adapted to come into engagement with
the fourth pmn IE formed on the base plate 1; first and
‘second spring portions 10D and 10E; first and second
spring portions 10D and 10E; first and second spring
members 10A and 10B having notched portions; and
first and second hook portions 10a and 106 formed at
the edges of the spring members 10A and 10B. The
second stop member 10 functions in a manner similar to
the first stop member 9.

The second stop member 10 is constructed in a man-
ner such that the hole 10C comes into engagement with
the pin 1E of the base plate 1 and the first and second
hook portions 10z and 105 come into engagement with
a third projecting portion 1I and a fourth projecting
portion (which is formed on the opposite side and,
therefore, is not shown in the diagram) formed on the
base plate 1, respectively.

When the second stop member 10 is assembled as
described above, the first spring portion 10D presses the

second stator 3 in the direction of the rotational axis,

and the second spring portion 10E presses the third
stator 4 in the direction of the rotational axis in a man-
ner similar to the first stop member 9.

The bearing member 8 comprises: a bearing portion
8A for rotatably supporting one end 5A of the rotary
shaft SD of the rotor § consisting of a permanent mag-
net; first and second holes 8F and 8G which respec-
tively come into engagement with the edge postions
(the portions having the smallest diameters) of the pins
1B and 1C formed on the base plate 1; and first to fourth
spring portions 8B, 8C, 8D, and 8E.

The bearing member 8 is positioned in a manner such
that the center of the bearing portion 8A coincides with
the center of a circle which is formed by the magnetic
pole portions 2A, 3A, and 4A of the first to third stators
2 t0 4 due to the engagement of the first and second

holes 8F and 8G and pins 1B and 1C on the base plate
1. | |

On the other hand, the bearing member 8 is also posi-

- tioned in the direction of the rotational axis due to the
second level shoulder or difference portion of the pins
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1B and 1C on the base plate 1 and is fixed to the base

plate 1 by thermal caulking, adhesion, or the like.

The bearing member 8 is fixed to the base plate 1
through the pins 1B and 1C. In this state, the first and
second spring portions 8B and 8C press the third stator
- 4 in the direction of the rotational axis, the third spring
portion 8D presses the first stator 2 in the direction of
the rotational axis, and the fourth spring portion 8E
presses the second stator 3 in the direction of the rota-
tional axis, thereby fixing the corresponding stators 2, 3,
and 4, respectively.
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A flexible printed wiring board 15 is fixed onto the
base plate 1. First and second Hall devices 13 and 14,
which detect the magnetic pole of the magnet rotor, are
fixed at predetermined positions on the board 15.

The flexible printed wiring board 15 is fixed onto the
base plate 1 by being inserted into a concave portion 1L
formed in the central portion between the mounting
bases 1J and 1K to mount the third stator 4. The plate 15
is fixed such that the first and second Hall devices 13
and 14 are attached at predetermined positions for the
opposite portions (surfaces) 2A, 3A, and 4A of the first
to third stators which face the rotor. Terminals of the
Hall devices 13 and 14 are electrically connected to a
drive circuit (not shown) through an output terminal
portion 15A of the printed wiring board 15.

On the other hand, terminals 6B, 6C, 7B, and 7C of
the first and second armature coils 6 and 7 are also
electrically connected to the drive circuit.

The drive circuit in this embodiment operates in a
manner similar to a drive circuit of a well-known two-
phase DC brushless motor. That is, when the first Hall
device 13 detects, e.g., the S (South) polarity, a current
1s supplied to the first armature coil 6 in such a direction
that the opposite portion 2A of the first stator 2 is set to
the S polarity (or N (North) polarity). On the other
hand, when the first Hall device 13 detects, e.g., the N
polarity, a current is supplied to the coil 6 in such a
direction that the opposite portion 2A of the first stator
2 is set to the N polarity (or S polarity).

On the other hand, the same also applies to the second
Hall device 14. When the second Hall device 14 detects,
for instance, the S polarity, a current is supplied to the
second armature coil 7 in such a direction that the oppo-
site portion 3A of the second stator 3 is set to the N
polarity (or S polarity). On the other hand, when the
second Hall device 14 detects, e.g., the N polarity, a
current 1s supplied to the coil 7 in such a direction that
the opposite portion JA of the second stator 3 is set to
the S polarity (or N polarity). The current supply to
each of the coils 6 and 7 is controlled in this manner.

In this embodiment, the first Hall device 13 is at-
tached along a straight line connecting the center of the
opposite portion 3A of the second stator 3 and the rota-
tional axis and just under the opposite portion 4A of the
third stator 4. On the other hand, the second Hall device
14 1s attached along a straight line connecting the center
of the opposite portion 2A of the first stator 2 and the
rotational axis and just under the rotor opposite portion
4A of the third stator 4. The length of the permanent
magnet SC of the rotor § in the direction of the rota-
tional axis is greater than the length of each of the first
to third stators 2 to 4 in the direction of the rotational
axis. The permanent magnet 5C is projected to the sides
of the Hall devices 13 and 14. Therefore, even if each of
the Hall devices 13 and 14 is arranged on the surface
which is vertical to the rotational axis, a signal corre-
sponding to the S polarity is output when the permanent
magnet located just over the Hall device is set to the S
polarity, and a signal of the N polarity is output when
the magnet is set to the N polarity, respectively.

'The rotating the rotor § in the motor of the embodi-
ment will now be described with reference to FIGS.
JA-3C.

In FIG. 3A, the first Hall device 13 detects the N
polarity and the drive circuit supplies a current to the
first coil 6 so that the S polarity is generated in the
opposite portion 2A of the first stator 2.
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On the other hand, the second Hall device 14 detects
the S polarity and the drive circuit supplies a current to
the second coil 7 so that the S polarity is generated in
the opposite portion 3A of the second stator 3.

At this time, the N polarity is developed in the oppo-
site portion 4A of the third stator 4.

In FIG. 3A, the rotor 5 rotates counterclockwise due
to the attraction and repulsion between the permanent
magnet of the rotor § and the magnetic pole which is
generated 1n each of the stators 2 to 4.

When the rotor § rotates by an angle of 45° and
reaches a state as shown in FIG. 3B, the center of the
opposite portion 2A of the first stator 2 coincides with
the center of the magnetic pole of the permanent mag-
net SC of the rotor 5, so that the first stator 2 does not
generate a torque. However, since the second stator 3
generates a torque in the counterclockwise direction,
the rotation of the rotor 5 is continued.

In this state, the drive circuit controls the current
supply to the first coil 6 in a manner such that the signal
detected by the first Hall device 13 is switched from the
N polarity to the S polarity and the magnetic pole
which 1s excited in the opposite portion 2A of the first
stator 1s changed from the S polarity to the N polarity.

When the rotor § slightly rotates counterclockwise
from the state of FIG. 3B due to the torque which is
generated by the second stator 3, the first stator 3 also
starts generating a torque. The rotation of the rotor 5 is
continued and after the state of FIG. 3C, the rotor §
rotates to the state of FIG. 3D.

Now, since the magnetic pole which is detected by
the second Hall device 14 is changed from the S polar-
ity to the N polarity under the torque which is gener-
ated by the first stator 2, the current supply to the sec-
ond armature coil 7 1s switched and the N polarity is
excited in the opposite portion 3A of the second stator
3.

For the period of time until the current supply to the
second armature coil 7 i1s switched in the state of FIG.
3D after the current supply to the first armature coil 6
was switched in the state of FIG. 3B, no magnetic pole
1s developed in the opposite portion 4A of the third
stator 4. A torque is generated due to the magnetic poles
which are generated in the opposite portions 2A and 3A
of the first and second stators 2 and 3, so that the rota-
tion of the rotor S is continued.

In a manner similar to the above, the rotor 5 contin-
ues to rotate in the counterclockwise direction and
thereafter, the current supply to the first armature coil 6
1s switched 1in a state of F1G. 3F and the current supply
to the second armature coil 7 is switched in a state in
F1G. 3H, so that the rotation can be continued.

In this embodiment, since the opposite portions 2A to
4A of the stators 2 to 4 are constructed so as to cover
almost the whole surface of the rotor §, the magnetic
fluxes can be effectively used and strong torque can be
obtained and a motor of an extremely small cogging
torque can be derived.

Although the rotor §, which 1s magnetized with two
poles has been used in the first embodiment of FIGS. 1
to 3, the present invention is not limited with respect to
the number of magnetization poles of the rotor 5.

In the first embodiment, the opposite portion of the
third stator 4 on the opposite side in the direction of a
diameter of the opposite portion 2A of the first stator 2
and the opposite portion of the third stator 4 on the
opposite side in the direction of the diameter of the
opposite portion 3JA of the second stator 3 have been
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connected as parts if the circumference 4A of the same
circle. However, they can be also separated. By separat-
ing those opposite portions, such an effect that a stable
stop point due to the cogging torques of a predeter-
mined number can be easily accomplished.

FIG. 4 shows a modification of the stop members 9
and 10 and base plate 1 according to the invention.

In the example shown in FIG. 1 with regard to the
stop members 9 and 10, two spring members are pro-
vided and each of the first and third stators 2, 4 and the
second and third stators 3,4 are pressed and sandwiched
by the spring members 9A and 9B and the spring mem-
bers 10A and 10B.

'The stop members 9 and 10 shown in FIG. 4 can be
also constructed in a manner such that as shown in the
diagram, one spring member is provided. Moment
forces in which the engagement pins 1D and 1E are set
to axial centers act on the first and second stators 2 and
3 due to the spring force of the spring member, and
thereby press the first and second stators 2 and 3 to the
contact portions 4B and 4C of the third stator 4. On the
other hand, the projecting portions 1F and (FIG. 7) on
the base plate 1 can be also omitted by improving the
dimensioned accuracy of each part.

FIGS. 3 and 6 are cross sectional views of magnetic

. coupling portions of the first stator 2 and third stator 4

each of which is constructed of laminated sheet steel.

In FIG. §, in the case of the stators 2 and 4 being
constructed of laminated sheet steel, as shown in the
diagram, concave and convex portions are formed on
the surfaces 2B and 4B to which the stators 2 and 4 are
mutually magnetically coupled due to a variation in
working of each sheet steel and a variation in lamina-
tion. When the stators 2 and 4 are merely abutted,
enough magnetic coupling cannot be derived.

However, in the brushless motor in FIGS. 1 and 2,
the first yoke 11 (FIG. 5) made of a magnetic material
and serving as an auxiliary magnetic path member has
been arranged so as to ride over the abutting portions
2B and 4B (FI1G. 5) of the first stator 2 and third stator
4. Therefore, sufficient magnetic coupling is obtained
between the first yoke 11 and the first stator 2 and be-
tween the first yoke 11 and the third stator 4. Enough
magnetic flux enters the third stator 4 from the first
stator 2 through the first yoke 11, so that sufficient
magnetic coupling between the first stator 2 and the
third stator 4 can be obtained.

On the other hand, when the air gaps are formed at a
high dimensional accuracy, as shown in FIG. 6, there is
case where a gap G occurs between the stators 2 and 4
due to a variation in shapes of the parts of the stators 2
and 4.

However, in such a case, enough magnetic coupling
between the first stator 2 and the third stator 4 can be
also obtained through the first yoke 11 which functions
as the auxiliary magnetic path member.

On the other hand, the surfaces 3B and 4C (FIG. 1),
which are directly abutted, are also provided between
the second stator 3 and the third stator 4. Further, the
second yoke 12 (FIG. 1) magnetic path member is ar-
ranged as an auxiliary so as to ride over those abutting
portions. _

Therefore, with respect to the magnetic coupling
between the second stator 3 and the third stator 4, the
same result is derived as in the case of the magnetic
coupling between the first stator 2 and the third stator 4.

FIG. 7 shows another modification of the embodi-
ment of FIGS. 1 to 3. This modification relates to a
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structure to prevent dusts such as fine particles and the
like, from being deposited on the magnet rotor.

In FIG. 7, the same parts and components as those in
FI1G. 1 are designated by the same reference numerals.

In this modification, in order to prevent particles,
dust, and the like from being attracted and deposited
onto the magnet rotor §, the gaps among the stators
around the outer periphery of the magnet rotor are

closed. A rib 1M is formed between large diameter

portions 1b; and 1c; of the first and second pins 1B and
1C.

In addition to the components shown in FIG. 1, a gap
closing portion 8H is formed under the bearing member
8 so as to be vertically extended from the lower surface
of the bearing member 8. The gap closing portion 8H is
formed so as to close the gap between the edges of the

arc-shaped magnetic pole portions of the first stator 2
and second stator 3.

According to this construction, the first stator 2
comes into engagement with the first pin 1B, the second
stator 3 comes 1nto engagement with the second pin 1C
and the third stator 4 is mounted on the projecting
portions 1J and 1K comes into engagement with the

10
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third and fourth pins 1D and IE, in the assembly of 75

those stators. Further, the gap closing portion 8H is
assembled so as to close the gap between the first and
second stators. Thus, most of the gaps around the outer
periphery of the magnet rotor § are closed, thereby
making it possible to prevent dust and particles entering
and being attracted and deposited onto the rotor.

FIG. 8 is an exploded perspective view of a brushless
motor according to the second embodiment of the in-
vention. FIG. 9 is a plan view of the motor of FIG. 8.
FIG. 10 1s a front view of the motor of FIG. 8.

In FIGS. 8, which 10, a bearing 21G to axially sup-
ports a rotor 2§, 1s fixed to the central portion of an

arc-shaped stator 21 which forms a magnetic circuit.

Two opposite portions (magnet pole portions) 21A and
21B, which face a magnet 28 of the rotor 25, are formed
along an arc surface in which the bearing 21G is set.

Bearing surfaces 21C and 21D are formed at slightly
elevated positions at opposite ends of the fan-shaped
stator 21. Screw holes 21E and 21F, to attach the rear
edge portions of stators 23 and 26, are formed in the
bearing surfaces 21C and 21D, respectively.

Exciting coils 22 and 27 are wound around the elon-
gated stators 23 and 26 arranged along the stator 21,
respectively. The stators 23 and 26 are attached to the
stator 21 by fixing their rear edge portions to the screw
holes 21E and 21F by screws 31 and 32, respectively.

The reason why the bearing surfaces 21C and 21D
are slightly elevated i1s to avoid interference with the
stator 21 when the exciting coils 22 and 27 are wound
around the stators 23 and 26.

Opposite magnetic pole portions 23A and 26A, which

face the peripheral surface of the magnet of the rotor 25,
are provided at different positions of the stators 23 and
26.

The rotor 25 has its cylindrical magnet 28 magnetized
to N or S polarities of, e.g., 2, 4, or 6 poles. The stators
21, 23, and 26 are assembled so that their opposite pole
portions 21A, 21B, 23A, and 26A face the peripheral
surface of the magnet 28.

In this manner, the stator 21 having no coil is inte-
grated and the two stators 23 and 26 having the coils 22

and 27 are attached to the stator 21, thereby construct-
ing an arc-shaped motor.
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That is, there is constructed an arc-shaped brushless
motor comprising: the first stator 23 having the opposite
pole portion 23A which faces the magnet 28 of the rotor
25; the second stator 26 having the similar opposite pole
portion 26A at a different position around the rotor; and
the third stator 21 having the opposite pole portions
21A and 21B at further different positions around the
rotor. |

The rotor 25 has a structure such that the coaxial
shaft 29 is provided to support the cylindrical magnet
28. However, in the example shown in the diagram, a
magnetic shielding member 30 is fixed to the lower edge
surface of the magnetic 28 in the axial direction on the
side of the third stator 21. The magnetic shielding mem-
ber 0 is used to short-circuit the leakage magnetic flux
from the edge surface of the magnet 28 to the third
stator 21.

The magnet 28 1s magnetized to 2N(N=1, 2, ...)
poles (N=2 in the example shown) in the circumferen-
tial direction and is rotatably axially supported by the
shaft 29 together with the disk-shaped magnetic shield-
ing member 30 fixed to the lower edge surface of the
magnet 28.

In the brushless motor of FIGS. 8 to 10, the first
stator 23 1s positioned and fixed by a single guide mem-
ber 24 such that an air gap between the second stator 26
and the magnet 28 i1s held to a predetermined value.
Likewise, the third stator 21 is positioned and fixed by
the guide member 24 such that air gaps among the op-
posite pole portions 23A, 26A, 21A, and 21B and the
magnet 28 are held to the foregoing predetermined
value.

On the other hand, the guide member 24 also serves
as a housing member for surrounding parts or all of the
outer periphery of the opposite portions 23A, 26A, 21A,
and 21B of the first to third stators 23, 26, and 21 and for
closing the gaps thereamong.

The guide member (housing member) 24 can be
formed of plastic (it is preferable {0 use engineering
plastics whose dimensional accuracy and strength are
excellent) or it can be made of a non-magnetic material
such as aluminum or the like.

The guide member (housing member) 24 1s posttioned
by dimples 24A and 24B and 1s attached to the central
portion of the arc-shaped third stator 21.

FIG. 11 is a vertical sectional view of the rotor 25 and
its peripheral parts FIGS. 12 and 13 are a front view and
a bottom view of the guide member (housing member)
24.

As shown in FIGS. 11 to 13, the guide member 24 is
formed with a concave portion shaped so as to guide
and receive the end portions of the rotor 25, the oppo-
site pole portions 21A and 21B of the third stator 21,
and the opposite pole portions 23A and 26A of the first
and second stators 23 and 26. This concave portion
opens toward the third stator 21.

In this manner, the guide member (housing member)
24 surrounds the outer peripheries of the magnetic pole
portions 23A, 26A, 21A, and 21B which face the rotor
25 thereby preventing dust from being deposited on to
the magnet 28 of the rotor 25 and preventing dust from
entering the air gap between the rotor 2§ and each of
the magnetic pole portions.

As shown in FIGS. 11 to 13, notched guide hole
portions 24H and 241, which are adapted to come into
engagement with the first and second stators 23 and 26,
are formed in the side surface portions of the guide
member 24, respectively. Portions of the first and sec-
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ond stators 23 and 26 are positioned by the guide hole
portions 24H and 24I. Movement of the stators 23 and
26 is prevented by the attractive and repulsive forces

among the rotor 25 and the magnetic pole portions 23A
and: 26A.

Further, because of the guide member guide hole
portions 24H and 241, vibration of the stators 23 and 26
due to attractive and repulsive forces can be absorbed,
and this enables reduction of the motor noise during
operation.

A bearing hole 24G (FIGS. 8 and 11 to 13) for axially
supporting the shaft 29 of the rotor 25 is also formed in
a closing upper portion 24J (FIG. 12) of the guide mem-
ber (housing member) 24.

In FIG. 8, the guide member 24 is accurately posi-
tioned with the integrated third stator 21 by the dimples
24A and 24B described above. By integrally forming
the bearing hole 24G in the guide member 24, a high
degree of accuracy can be assured in regard to the coax-
1al structure of the bearing hole 24G and the bearing
21G provided for the stator 21. Therefore, the shaft 29
of the rotor 25 can be axially supported at a high preci-
sion without oscillation.

Holes 24E and 24E, to position Hall devices 33 and 34
which detect the rotating position of the rotor 25, are
formed in the closing upper portion 24J of the guide
member 24 in addition to the bearing hole portion 24G.

In the brushless motor, the positional relations among
the magnetic pole portions 23A, 26A, 21A, and 21B and
the position sensors (the Hall devices 33 and 34 in this
embodiment) of the rotor 25 are a significant factor
which exerts an influence on the characteristics of the
motor. By assembling those parts with a high degree of
accuracy, the difference of the rotational speeds due to
the rotating direction and variation in output torque can
be reduced.

In this case, by forming the positioning holes 24E and
24F of the Hall devices 33 and 34 in the guide member
(housing member) 24 which is assembled to the rotor 25
and stators 23, 26, and 21 with high precision, and by
soldering the Hall devices 33 and 34 onto a wiring
board 35 (FIGS. 8 and 11), the deviation of the wiring
pattern outer shape, and the like due to the positional
deviation of the Hall devices 33 and 34 and the limita-
tion of manufacturing accuracy of the wiring board 35
are corrected, thereby enabling the Hall devices 33 and
34 at be attached to the optimum positions.

The wiring board 35 may be formed by a non-flexible
plate made of a glass epoxy base. However, if a flexible,
printed board made of polyimide or the like is used as a
base material, the wiring board 35 can be bent, so that
the two Hall devices 33 and 34 can be further easily
attached to the optimum positions.

The wiring board 35 is used to wire not only the Hall
devices 33 and 34 but also the exciting coils 22 and 27.

In FIG. 11 which shows the rotor 25 and its periph-
eral parts, the magnetic shielding member 30 prevents
the magnetic flux generated by the rotor magnet 28
from passing through the magnetic pole portions 23A,
20A, 21A, and 21B. Instead this flux directly flows to
the base portion (peripheral portion the bearing 21G) of
the third stator 21. For this purpose, the magnetic
shielding member 30 is made of a magnetic material
such as pure irom, stlicon iron, or the like.

The force by which the magnet 28 is attracted to the
stator 21 can be eliminated by preventing the magnetic
flux from directly flowing from the magnet 28 to the
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stator 21 without passing through the magnetic pole
portions.

Therefore, by providing the magnetic shielding mem-
ber 30, the magnetic flux can be effectively used, the
frictional resistance between the edge surface of the
rotor 25 and the bearing 21G can be reduced, and the
efficiency of the motor can be improved. -

The above-described effect can be further raised by
Inserting a member such as a polyslider or the like hav-
ing a small frictional resistance into the portion between
the magnetic shielding member 30 and the bearing 21G.

In FIGS. 8 and 12, dimples 24C and 24D, which
locate the assembling position of the wiring board 38,
are formed in the upper portion of the guide member
(housing member) 24. |

Although one brushless motor according to the em-
bodiment of the invention has been described above, the

‘same drive circuit as used with the well-known two-

phase brushless motor can be used as the drive circuit of
the motor in the same embodiment.

F1G. 14 shows a rotating state of the rotor 25 driven
by the drive circuit.

In a portion shown in FIG. 14A, the N polarity of the
rotor 25 is away from the N polarity of the magnetic
pole portion 23A of the first stator 23 and the S polarity
of the rotor 25 is away from the S polarity of the mag-
netic pole portion 21B of the third stator 21.

Further, since the magnetic pole portion 26A of the
second stator 26 is set to the N polarity, the S polarity
of the rotor 25 is attracted to this N polarity. Since the
magnetic pole portion 21A of the third stator 21 is set to
the S polarity, the N polarity of the rotor 25 is attracted
to the S polarity of the magnetic pole portion 21A of the
third stator 21.

Thus, the rotor 25 rotates counterclockwise from the
state of FIG. 14A.

When the rotor 25 rotates counterclockwise by an
angle of 45° and arrives at a position of FIG. 14B, the
output of the Hall device 34 is inverted, thereby revers-
ing direction of the current supplied to the exciting coil
27 by the drive circuit.

Thus, as shown in FIG. 14B, the magnetic pole por-
tion 26A of the second stator 26 changes from the N
polarity to the S polarity and the magnetic pole portion

21A of the third stator 21 changes from the S polarity to

the N polarity.

At this time, the S polarity of the rotor 25 is away
from the S polarities of the magnetic pole portion 26A
of the second stator 26 and of the magnetic S pole por-
tion 21B of the third stator 21, thereby generating a
counterclockwise torque. Further, the S polarity of the
rotor 25 is attracted to the N polarity of the magnetic
pole portion 23A of the first stator 23, thereby generat-
Ing a torque in the same counterclockwise direction.

In the position showing in FIG. 14B, the N polarity
of the rotor 2§ is away from the N polarities of the
magnetic pole portion 23A of the first stator 23 and of
the magnetic pole portion 21A of the third stator 21 and
1s attracted to the S polarity of the magnetic pole por-
tion 21B of the third stator 21. In this case, counter-
clockwise torques are generated and the rotation is
continued.

In this manner, the rotor 25 rotates from the position
shown in FIG. 14B to the portion shown FIG. 14C and
reaches a position shown in FIG. 14D. |

At the position of FIG. 14D, the output of the Hall
device 33 is inverted, thereby reversing the direction of
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current supplied to the exciting coil 22 of the first stator
23, so that the counterclockwise rotation is continued.

Further, when the rotor passes through the portion
shown FIG. 14E and reaches a position shown in FIG.
14F, the output of the Hall device 34 is inverted and the
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been changed to the perpendicular direction, so that the
motor can be further miniaturized. |

According to the structure of the embodiments de-

. scribed above in conjunction with FIGS. 8 to 15, the

5

direction of current supplied to the exciting coil 27 of

the second stator 26 is reversed. Thus, the polarities of
the magnetic pole portion 26A of the stator 26 and of
the magnetic pole portion 21A of the third stator 21 are
inverted as shown in the diagram and the counterclock-
wise rotation is continued in a manner similar to the
above. | |

In the case of reversing the rotation of the motor
from the counterclockwise rotation of FIG. 14 to clock-
wise rotation, the rotating direction of the rotor 25 can
be reversed to the clockwise direction by inverting the
polarity of the voltages which are applied to the excit-
ing coils 22 and 27 shown in FIG. 14.

FIG. 15 is an exploded perspective view of a brush-
less motor according to a modification of the invention
and corresponds to FIG. 8.

In this embodiment, the assembling direction of each
- of the exciting coils 22 and 27 is changed to a perpendic-
ular direction from that in the case of FIG. 8. The third
stator (integrated stator) 21 is connected to a first stator
42 by an iron core 4). The third stator (integrated sta-
tor) 21 is connected to a second stator 43 by an iron core
41. In this manner, each magnetic circuit is formed.

The magnetic pole portions 21A and 21B of the third
stator 21 are constructed so as to have substantially the
same shape as that in the case of FIG. 8. However, the
first stator 42 and the second stator 43 are arranged so as
to come mto contact with the upper surface of the guide
member (housing member) 24. The magnetic pole por-
tions of the first and second stators 42 and 43, that is, as
shown in FIG. 15, opposite portions 42A and 43A
which face the magnet 28 are formed in an arc-shape in
such a manner as to be inserted and fitted into the guide

holes formed on the upper surface of the guide member

24 and projected downward to the positions which face
the peripheral surface of the magnet 28 of the rotor 25
of the inner portion (concave portion) of the guide
member 24. |

On the other hand, the brushless motor shown in
FIG. 15 has a structure such that the third stator 21 is
fastened to the lower surfaces of the iron cores 40 and
41 from the lower side by using screws 46 and 47
through the guide member 24, which is positioned by
the dimples 24A and 24B, and through the iron cores 40
and 41 of the two exciting coils 22 and 27, and that the
wiring board 3§ and the first and second stators 42 and
43 are fastened to the upper surfaces of the iron cores 40
and 41 from the upper side by using screws 48 and 49,
thereby positioning and fixing these members.

The rotor 25 is axially supported by the bearing 21G
provided in the third stator 21 and by the bearing hole
24G of the guide member 24 in substantially the same
manner as in the case of FIG. 8. |

The portions other than the foregoing parts in the
embodiment of FIG. 15 have substantially the same
structure as their corresponding portion in the embodi-
ment of FIG. 8 and the parts and components corre-
sponding to those in FIG. 8 are designated by the same
reference numerals and their detailed descriptions are
omitted.

According to the structure of the embodiment of
FIG. 15, as compared with the structure of FIG. 8, the
assembling direction of the exciting coils 22 and 27 has
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following effects are obtained.
(1) Since parts of the two independent magnetic cir-
cuits are commonly constructed by using the integrated
third stator 21, the number of parts can be reduced and
the structure can be simplified. |
(2) The first stator 23 (42), second stator 26 (43), and
third stator 21 are positioned and fixed by the single
guide member 24 (having a concave portion including
the guide holes 24H and 241 and the like) in order to

. keep the air gaps among the opposite magnetic pole
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portions 23A, 26A, 21A, and 21B (42A. and 43A) and
the magnet 28 of the rotor 25 at a predetermined value.
The positional relationship between the guide member
24 and the third stator 21 is held to high accuracy by the
dimples 24A and 24B. Further, the rotor 25 is axially
supported by both the bearing 21G of the third stator 21
and the bearing hole 34G of the guide member 24.
Therefore, the air gaps among the opposite portions
magnetic pole portions 23A, 26A, 21A, and 21B (42A
and 43A) of the stators and the magnet 28 of the rotor
25 can be easily set to a predetermined value at a high
accuracy.

(3) Since the first stator 23 (42) and second stator 26
(43) can be assembled in parallel on the third stator 21 as
a common stator, it is possible to realize a structure such
as to two-dimensionally restrict the positional relation-

- ships among the parts. Therefore, the accuracy of the
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complete product can be easily guaranteed like the
accuracy of a single part. The adjusting steps upon
assembly can be eliminated. Reduction of cost due to
the decrease in number of steps also can be accom-
plished.

(4) Since there is provided the housing member
(guide member) 24 which surrounds parts or all of the
outer periphery of the opposite magnetic pole portion
23A (42A), 26A (43A), 21A, and 21B of the stators 23
(42), 26 (43), and 21, the entrance and deposition of dust
and fine particles on the rotor 25 and magnetic pole
portions can be prevented. The reliability and durability
of the motor can be improved irrespective of the use
circumstances.

(3) Since the magnetic shielding member 30 is fixed to
the edge surface of the axial direction of the rotor 25,
the magnetic flux generated from the magnet 28 can be

prevented from directly leaking to the stators without

passing through the magnet pole portions. The mag-
netic efficiency of the motor can be improved. An in-
crease in frictional resistance between the rotor 25 and
the bearing 21G due to force on the rotor 25 in the
direction of the rotational axis can be prevented. The
efficiency of the motor can be improved.

(6) Since the bearing hole portion 24G of the rotor 25
and the holes 24E and 24F for positioning the Hall
devices 33 and 34 are formed integrally with the guide
member (housing member) 24, the number of bearing
parts can be reduced and the Hall devices can be easily
attached at a high accuracy.

As will be obvious from the above description, ac-
cording to the invention, a brushless motor comprises:
the first stator having an opposite portion which faces
the magnet of the rotor; a second stator having a similar
opposite portion at a different position; and a third sta-
tor having opposite portions constituting the opposite
portions on the other sides of the first and second stators
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at further different positions, wherein the first to third
stators are positioned and fixed by a single guide mem-
ber so as to keep the air gaps among the opposite por-
tions and the magnet to a predetermined value. Thus,
there i1s obtained a brushless motor in which the number 3
of parts is small, the structure is simple, and the respec-
tive parts can be easily assembled at a high precision
without needing adjusting steps upon assembly.

What is claimed is:

1. A motor comprising: 10

a magnet rotor having a rotational shaft; and

first, second and third stator members arranged
around an outer periphery of said magnet rotor
while keeping a uniform air gap,

said first stator member being formed as a shaft and !°
having a first arc-shaped magnetic pole portion
having an opening angle of about 90° and a coil
supporting portion around which a first field coil is
wound at one end of the first stator member,

said second stator member being formed as a shaft
and baving a second arc-shaped magnetic pole
portion having an opening angle of about 90° and a
coil supporting portion around which a second
field coil is wound at one end of the second stator
member, and

said third stator member having third and fourth
continuous magnetic pole portions having an open-
ing angle smaller than 180° in a central portion of
the third stator member and contacting portions 30
which are in contact with edges of said coil sup-
porting portions of the first and second stator mem-
bers at both ends of said third and fourth magnetic
pole portions, and magnetic circuits constructed by
each of the magnetic pole portions of the first and 35
second stator members and each of the magnetic
pole portions of the third stator member through
sald contacting portions, respectively;

a base plate having a member for determining an
axially supporting position of said magnet rotor 4
and assembling positions of said first, second, and
third stator members:;

first and second pin members adapted to be fitted into
holes formed near each of the first and second
magnetic pole portions of the first and second sta- 45
tor members; and

third and fourth pin members adapted to be fitted into

holes formed near said contacting portions of said
third stator member.
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2. A motor according to claim 1, further comprising

a stop member, and wherein said stop member has:

engagement holes adapted to come into engagement
with said third and fourth pin members of said base
plate; and

a first spring member to elastically press side surfaces
of said first and second stator members.

3. A motor according to claim_2, wherein said stop

member has:

a second spring member for elastically pressing a side
surface of said third stator member; and

retaining means for retaining said first and second
spring members to retaining portions formed on a
pressing surface of each of said stators.

4. A motor according to claim 1, further comprising;:

an auxiliary yoke member which is formed with holes
adapted to be come into engagement with the third
and fourth pin members of said base plate and
which forms magnetic paths of said first and sec-
ond stator members and said third stator member.

3. A motor according to claim 1, further comprising:

mounting base portions formed on said base plate to
thereby mount the third stator member and a con-
cave portion which is formed between said mount-
ing base portions; and

a level difference portion of a large diameter which is
formed for each of the first and second pin mem-
bers, |

and wherein height positions of said first, second and
third stator members are determined by said
mounting base portions and said level difference
portions. -

6. A motor according to claim §, further comprising;:

a flexible printed board having a device to detect a
magnetic polarity of said magnet rotor,

and wherein on said flexible printed board, at least
sald detecting device is arranged on said concave
portion.

7. A motor according to claim 6, further having:

a rib portion which is formed between the first and
second pin members of said base plate so as to be
upwardly projected from the surface of the base
plate,

and wherein said field coils are wound around bob-
bins, atr-cores of the bobbins are penetrated by said
first and second stator members, and the periphery
of said magnet rotor is surrounded by the bobbins

and said rib portion.
XK * * x x
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